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EDVHNH\LVLQVHUWHGNHHSLQJWKHFROXPQVWDQGVDJDLQVWZLQGORDGEXWPRYHVLQFDVHRIDQLPSDFW3DUWRIWKHWURXJKLVILOOHGZLWK
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,QWURGXFWLRQ
$QHYHULQFUHDVLQJQXPEHURIWUDIILFDFFLGHQWVVLQFHKDVGHFUHDVHGIURPDVDUHVXOWRIQDWLRQDOHIIRUWVWR
VORZ GRZQ WUDIILF DFFLGHQWV7KH WRWDO QXPEHU RI GHDWK GXH WR WUDIILF DFFLGHQWV LQ 6RXWK.RUHD KDV FRQWLQXRXVO\
GHFUHDVHGDSSUR[LPDWHO\ IURP LQ WR LQ'HVSLWH WKHQXPEHURI IDWDO WUDIILF DFFLGHQWVKDV
GHFUHDVHG JUDGXDOO\ VLQFH  WKH QXPEHU RI VLQJOH YHKLFOH DFFLGHQW HQJDJLQJ URDGVLGH FROXPQ KDV LQFUHDVHG
UHVXOWLQJLQGHDWKVLQ2XWRIWKHQXPEHURIVLQJOHYHKLFOH
DFFLGHQWVRFFXUUHGEHWZHHQDQGPRUHWKDQRIWKHP
ZHUHLQYROYHGZLWKIL[HGVWUXFWXUHVLQVWDOOHGDWURDGVVXFKDVHOHFWULF
SROHV VLJQ SRVWVPHGLDQ EDUULHUV DQG WUDIILF LVODQG 7KH IDWDOLW\
LQYROYHGZLWKFROOLVLRQZLWKHOHFWULFSROHVDQGVLJQSRVWVH[FHHGHG
:KLOHWKHRYHUDOOWUDIILFDFFLGHQWIDWDOLW\KDVEHHQGHFUHDVHG
FRQWLQXRXVO\ GXH WR LPSURYHPHQWV RQ URDG VDIHW\ HQYLURQPHQWV
WUDIILFDFFLGHQWIDWDOLW\LQYROYLQJFROOLVLRQZLWKURDGVLGHSRVWVKDV
EHHQLQFUHDVHG>@7KHIROORZLQJ)LJVKRZVVRPHZHOOKRZPLG
WRODUJHVL]HFROXPQVULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQFRXOGJLYH
GDPDJHWRWKHLPSDFWYHKLFOHV7KHIROORZLQJ)LJVKRZVZHOOKRZ
PLGWRODUJHVL]HFROXPQVULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQFRXOG
JLYHGDPDJHWRWKHLPSDFWYHKLFOHV
,QRUGHUWRUHOLHYHLPSDFWULVNVZLWKH[SRVHGURDGVLGHVLJQSRVWV
$$6+725RDGVLGH'HVLJQ*XLGH>@ UHFRPPHQGV WKHPHDVXUHVRIUHGXFLQJ LPSDFWGDPDJHGXH WRURDGVLGHVLJQ
SRVWV7KHFRQFHSWVLQWURGXFHGLQ$$6+72DUHDOVRDGRSWHGLQ$XVWUDOLD>@&DQDGD>@DQG(XURSH>@
,Q.RUHDD VFRSHRI URDGVLGHVDIHW\ LV OLPLWHG WR URDGVLGHEDUULHUVDQGHQHUJ\DEVRUELQJGHYLFH WKDWQRWPXFK
PHDVXUHKDVEHHQGHYHORSHGIRUWKHYDULRXVVLJQSRVWVDWWKHURDGVLGHH[FHSWVKLHOGLQJWKHPE\EDUULHUV
'HYHORSPHQWRIFUDVKZRUWK\SRVW
,QWKLVSDSHUDPHWKRGWKDWFDQLPSURYHRFFXSDQWVDIHW\RIDYHKLFOHGLUHFWO\LPSDFWLQJWRWKHH[SRVHGFLUFXODUVLJQ
SRVWV' PPZLGHO\XVHGIRUURDGVLJQVLQ.RUHDLVSURSRVHG3UHVHQWO\.RUHDQ5RDG6DIHW\*XLGHOLQH>@KDV
QRFRQWHQWVDERXWPHDVXUHVRILPSDFWDJDLQVWVLJQSRVWV2QO\DEUHDNDZD\PHFKDQLVPIRUVPDOOWRPLGVLJQSRVWV
ZDVGHYHORSHGEXWVWLOOQRWLQXVH%UHDNDZD\W\SHVLJQSRVWVKDYHOLPLWDWLRQVLQWKHDSSOLFDWLRQWRODUJHVL]HSRVWVDQG
GRZQWRZQDUHDVZKHUHDVSDFH LVQDUURZGXH WRFRQFHUQVRI VHFRQGDU\GDPDJHDIWHU LPSDFWZKLFK UHTXLUH VRPH
PHDVXUHWRPLQLPL]HDRISRVVLEOHVHFRQGDU\FROOLVLRQ
,QWKHFDVHGLIIHUHQWW\SHRISDVVLYHO\VDIHFROXPQVVKRXOGEHXVHG(QHUJ\DEVRUELQJFROXPQVDQGEUHDNDZD\
RQHVDUHWKHPRVWSRSXODUV\VWHP
,QWKLVVWXG\SDVVLYHO\VDIHFROXPQRIQHZFRQFHSWLVGHYHORSHG,WFRQVLVWVRIDFROXPQKDYLQJDVSHFLDOEDVHSODWH
ZLWKDNH\RILQYHUVHG7VKDSHDQGWKHIRRWLQJKDYLQJJXLGHWURXJKRILQYHUVHG7VKDSHWKURXJKZKLFKWKHFROXPQ
EDVHNH\LVLQVHUWHGNHHSLQJWKHFROXPQVWDQGVDJDLQVWZLQGORDGEXWPRYHVLQFDVHRIDQLPSDFW3DUWRIWKHWURXJK
LV ILOOHGZLWKHQHUJ\DEVRUELQJPRGXOHVPDGHRIFLUFXODUVWHHO WXEHVWXEZKLFKDEVRUEVSDUWRI WKH LPSDFWHQHUJ\
UHPDLQLQJDIWHUWKHYHKLFOHDQGFROXPQFRPSOHWHVWKHLUSODVWLFLPSDFW,QWKLVV\VWHPHQHUJ\GLVVLSDWLRQWDNHVSODFH
LQWZRSKDVHV,QWKHILUVWSKDVHLWGLVVLSDWHVWKHLPSDFWHQHUJ\E\WKHOLQHDUPRPHQWXPFRQVHUYDWLRQSULQFLSOHZKLOH
WKH SODVWLF LPSDFW EHWZHHQ WKH SRVW DQG YHKLFOH WDNHV SODFH 7KHQ WKH VHFRQG SKDVH GLVVLSDWLRQ IROORZV E\ WKH
GHIRUPDWLRQRIWKHHQHUJ\DEVRUELQJPRGXOHVHPEHGGHGLQWKHJXLGHWURXJKRIWKHIRXQGDWLRQ7KLVSDSHUSUHVHQWVWKH
KD]DUGRZQHURIH[SRVHGURDGVLJQSRVWULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQDQGHIIHFWLYHQHVVRIWKHQHZFUDVKZRUWK\
SRVWV\VWHPLQDSRVVLEOHLPSDFWVLWXDWLRQXVLQJQRQOLQHDULPSDFWDQDO\VLVFRGH/6'<1$
2.1. Dimensions of road sign post and impact analysis 
$FFRUGLQJWRWKH5RDG6LJQ%RDUG,QWHJUDWHG0DQDJHPHQW&HQWHU>@LQWKH0LQLVWU\RI/DQG,QIUDVWUXFWXUHDQG
7UDQVSRUWWKHUHDUHDSSUR[LPDWHO\VLJQERDUGVLQ.RUHDDVDW7KHVHVLJQERDUGSRVWVFRQVLVWRIVLQJOH
GXDOFDQWLOHYHUHGVXVSHQGHGRURYHUKHDGW\SH2YHUKHDGVLJQERDUGSRVWVDUHSURWHFWHGE\JXDUGUDLOV

)LJ&UDVKDFFLGHQWZLWKVLJQSRVW
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7KHODUJHVWVLJQERDUGSRVWZLWKFDQWLOHYHUHGDUPXVHVVWHHOFLUFXODUWXEH'LDPHWHUVRIWUDIILFVLJQSRVWVRUSRZHU
SROHVDUHVPDOOHUWKDQWKDW7KHUHIRUHWKLVVWXG\DQDO\]HGWKHLPSDFWRIDYHKLFOHZKHQFDQWLOHYHUHGSRVWRIWKHVL]H
RIPPîPP'îWLVULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQDQGLQYHVWLJDWHGFRQQHFWLRQPHWKRGWKDWFDQUHGXFH
WKHULVNRIVHFRQGDU\LPSDFWDQGLPSURYHVDIHW\RIWKHRFFXSDQWGXULQJFROOLVLRQ7DEOHOLVWVWKHVKDSHDQGGLPHQVLRQ
RIFDQWLOHYHUW\SHURDGVLJQSRVWFRQVLGHUHGLQWKHVWXG\
7DEOH'LPHQVLRQRIFDQWLOHYHUW\SHRIURDGVLJQSRVW
'HVFULSWLRQ 'LPHQVLRQ
+HLJKW  P
+RUL]RQWDO%DU/HQJWK  P
6LJQ  PPî PP
+RUL]RQWDO%DU6L]H   PPî PP
9HUWLFDO%DU/HQJWK  P
9HUWLFDO%DU6L]H   PPî PP
3RVW6L]H   PPî PP

7KHVHOHFWHGVLJQERDUGSRVWZDVFRQVLGHUHGULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQILUVWDQGEHKDYLRUVRIWKHSRVWDQG
YHKLFOHDW WKHWLPHRIFROOLVLRQZHUHDQDO\]HGXVLQJ/6'<1$>@ LPSDFWDQDO\VLVSURJUDP$VDPHDVXUHRI
UHGXFLQJ RFFXSDQW ULVN D FUDVKZRUWK\ EDVH ZDV GHYLVHG XVLQJ WKH PRPHQWXP FRQVHUYDWLRQ SULQFLSOH DQG LWV
PHFKDQLVPZDVH[SODLQHG7KHEHKDYLRURIWKHSRVWDQGYHKLFOHDQGRFFXSDQWVDIHW\DWWKHWLPHRIFROOLVLRQZLWKWKH
SRVWVXSSRUWHGE\WKHFUDVKZRUWK\EDVHZHUHDQDO\]HGXVLQJWKH/6'<1$VLPXODWLRQDQGWKHFUDVKZRUWK\EDVHZDV
LPSURYHG7KHLPSDFWFRQGLWLRQIRUWKHGHVLJQZDVWRQNPKZKLFKLVXVHGIRUWKH&&FODVVFUDVKFXVKLRQ
GHVLJQLQ.RUHD
2.2. Collision to the rigidly connected post 
$KHDGRQFROOLVLRQEHWZHHQWKHFLUFXODUVWHHOSRVW' PPW PPPHQWLRQHGLQ6HFWLRQDQGD
WRQYHKLFOHDWNPKXS WRNPKZLWKNPK LQWHUYDOZDVDQDO\]HGXVLQJ WKH/6'<1$SURJUDP ,Q WKH
DQDO\VLVWKHSRVWZDVUHJDUGHGDVULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQ
/6'<1$LVHTXLSSHGZLWKYDULRXVHOHPHQWVWKDWFDQPRGHOPHPEHUVRIYHKLFOHVDQGURDGVDIHW\IDFLOLWLHV7KH
FKDUDFWHULVWLFVRIWKHVHHOHPHQWVFDQGHILQHFRPSOH[EHKDYLRUVRIQRQOLQHDUL]DWLRQ)XUWKHUPRUHVLQFHLWFDQPRGHO
YHKLFOHVDQGURDGVDIHW\IDFLOLWLHV WKUHHGLPHQVLRQDOO\ LWFDQ LQYHVWLJDWH LQGHSWKEHKDYLRUVRI WKH LPSDFWYHKLFOH
ZKLFKLVZK\LWLVZLGHO\XVHGLQHYDOXDWLRQRISHUIRUPDQFHRIURDGVDIHW\IDFLOLWLHV
$YHKLFOHPRGHOXVHGLQWKHLPSDFWVLPXODWLRQZDV'RGJH1HRQYHKLFOH>@GHYHORSHGE\WKH1&$&1DWLRQDO
&UDVK$QDO\VLV&HQWHUDW*HRUJH:DVKLQJWRQ8QLYHUVLW\7KHHOHPHQWVDQGPDWHULDOFKDUDFWHULVWLFVXVHGLQWKHSRVW
PRGHODUHOLVWHGLQ7DEOH
7KHVLJQERDUGZLWKDUPZDVRPLWWHGLQWKLVVWXG\DQGRQO\SRVWZDVWDUJHWHG7DEOHVXPPDUL]HVWKHVDIHW\LQGLFHV
RI7+,97KHRUHWLFDO+HDG,PSDFW9HORFLW\3+'3RVWLPSDFW+HDG'HFHOHUDWLRQDQG$6,$FFHOHUDWLRQ6HYHULW\
,QGH[>@E\LPSDFWVSHHGWRFKHFNRFFXSDQWVDIHW\7KRVHWKUHHLQGLFHVDUHZLGHO\XVHGLQURDGVLGHVDIHW\
FRPPXQLW\IRUWKHHYDOXDWLRQRIFUDVKZRUWKLQHVVRIURDGVLGHVDIHW\V\VWHP
2.3. Working principle of crashworthy post 
2.3.1 Crashworthy base 
$VLWZDVIRXQGWKDWWKHH[SRVHGSRVWFDXVHDKD]DUGRXVSUREOHPIRURFFXSDQWVDIHW\DWWKHWLPHRIFROOLVLRQD
FUDVKZRUWK\PHDVXUHZDVQHHGHG(QHUJ\DEVRUELQJPRGXOHVFDQEHGHYHORSHGDQGDWWDFKHG WR WKHSRVWVRUFUDVK
FXVKLRQVFDQEHLQVWDOOHGLQIURQWRIWKHSRVWEXWWKH\UHTXLUHDFHUWDLQVSDFHDQGORRNDHVWKHWLFDOO\XQSOHDVDQW6RWKH
IROORZLQJFUDVKZRUWK\SRVWEDVHZDVGHYHORSHG,WLVFRPSRVHGRIJXLGHNH\JXLGHWURXJKDQG(QHUJ\$EVRUELQJ
0RGXOHDVVKRZQLQ)LJ
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7DEOH,QSXWGDWDRISRVWIRU/6'<1$VLPXODWLRQ
7DEOH6DIHW\LQGLFHVIRUWKHLPSDFWZLWKGLIIHUHQWLPSDFWVSHHGV
6SHHG 7+,9NPK 3+'J¶V $6,
NPK   
NPK   
NPK   
NPK   

$WWKHILUVWVWDJHRILPSDFWLQWKHV\VWHPWKHYHKLFOHDQGWKHSRVWDUHHQJDJHGZKLOHGHFHOHUDWLQJWKHYHKLFOHWKHQ
WKHNH\ LQVWDOOHGEHORZ WKHSRVWEDVHFUXVKHV WKHHQHUJ\DEVRUELQJPRGXOH ($0HPEHGGHG LQ WKHJXLGH WURXJK
UHGXFLQJWKHVSHHGRIYHKLFOHWRDVPRRWKVWRSHQVXULQJVDIHW\RIWKHRFFXSDQW,PSDFWHQHUJ\FDQEHUHGXFHGWKURXJK
WKHGHOLYHU\RIOLQHDUPRPHQWXPGXULQJWKHSODVWLFFROOLVLRQEHWZHHQYHKLFOHDQGWKHSRVWDQGWKHGHIRUPDWLRQRI
($0)LJVKRZVWKHDERYHPHQWLRQHGV\VWHP$WWKHERWWRPRIWKHSRVWEDVHUHYHUVH7VKDSHNH\KHLJKWPP
ZLGWKPPWKLFNQHVVPPLVDWWDFKHGDQGDJXLGHWURXJKLVIRXQGLQWKHIRXQGDWLRQWKURXJKZKLFKWKHJXLGH
NH\WUDYHOV$VWHHOSLSHGLDPHWHUPPOHQJWKPPZDVLQVHUWHGLQWRWKHJXLGHWURXJK7KHPRGXOHZDVLQVWDOOHG
DIWHUWKHSRLQWZKHUHWKHVSHHGRIWKHSRVWDQGYHKLFOHEHFDPHWKHVDPH7KHFUDVKZRUWK\SRVWEDVHGHYLVHGLQWKLV
VWXG\GHFHOHUDWHVYHKLFOHVSHHGSULPDULO\XVLQJWKHSULQFLSOHRIOLQHDUPRPHQWXPFRQVHUYDWLRQDQGPDGHWKHYHKLFOH
DQGWKHSRVWPRYHWRJHWKHUDWDUHGXFHGVSHHGDQGWKHUHPDLQLQJNLQHWLFHQHUJ\RIWKHLQWHJUDWHGYHKLFOHDQGWKHSRVW
ZDVGLVVLSDWHGVHFRQGDULO\DVWKH($0¶VHPEHGGHGLQWKHJXLGHWURXJKZHUHFUXVKHG
2.3.2 Impact analysis using the principle of linear momentum conservation 
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(OHPHQW1R  
'HQVLW\ î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mv27KLVLVFDOOHGWKHSULQFLSOHRILPSXOVHDQGPRPHQWXP7KLVSULQFLSOHFDQEHHPSOR\HGXVHIXOO\WRFDOFXODWHD
PHDQLPSDFWIRUFH
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)URP(TDQGDVVXPLQJWKDWFROOLVLRQEHWZHHQYHKLFOHDQGSRVWLVSHUIHFWO\SODVWLFDYHKLFOHDQGSRVWZLOO
PRYHDWWKHVDPHVSHHGDIWHUFROOLVLRQDQGWKHVSHHGFDQEHUHGXFHGE\WKHUDWLRRIYHKLFOHPDVVYHKLFOHPDVVSRVW
PDVV7KHSRVWLQWKLVSDSHUUHGXFHGWKHVSHHGRILPSDFWYHKLFOHXVLQJWKHSULQFLSOHRIOLQHDUPRPHQWXPFRQVHUYDWLRQ
DWWKHILUVWSKDVH+HUHDQLPSDFWWLPHLVOHQJWKHQHGWKURXJKWKHGHIRUPDWLRQRIYHKLFOHZKLFKUHGXFHVWKHLPSDFW
IRUFH7KXVFRQVLGHULQJPDVVWRQRIWKHYHKLFOHXVHGLQWKLVSDSHUDQGPDVVWRQRIWKHSRVWDVSHHGFDQEH
UHGXFHGE\
2.3.3 Design phase and impact analysis 
7RFRPSOHWHWKHILQDOV\VWHPLPSDFWDQDO\VLVZDVFRQGXFWHGLQWKHIROORZLQJSKDVH3KDVH,QRUGHUWRYHULI\
ZKHWKHUDFKDQJHLQVSHHGRIYHKLFOHFRPSOLHVZLWKWKHSULQFLSOHRIOLQHDUPRPHQWXPFRQVHUYDWLRQVXIILFLHQWOHQJWK
RIWKHJXLGHWURXJKZDVSURYLGHG7KHOHQJWKSURYLGHGLQWKHVWXG\ZDVP&DVH3KDVH$QHQHUJ\DEVRUELQJ
PRGXOHLVLQVWDOOHG7KHLQLWLDOPRGXOHOHQJWKLQVWDOOHGLVPPPP[($&DVH3KDVH)URPWKHYHULILHG
UHVXOWDW3KDVHRSWLPXPGHVLJQLVLPSOHPHQWHG&DVH7KHHOHPHQWPRGHOXVHGLQWKHFUDVKZRUWK\EDVHPRGHO
LVVKRZQLQ7DEOHDQGWKHPDWHULDOPRGHOLVVKRZQLQ7DEOH
)LJ&UDVKZRUWK\SRVWGHWDLO&DVH
7DEOH(OHPHQWVDQGPDWHULDOSURSHUWLHVRIFUDVKZRUWK\SRVWYHKLFOHVLPXODWLRQ
 (OHPHQW 1RGH1R 0DWHULDO
3RVW 6KHOO  3ODVWLFB.LQHPDWLF
%DVH3ODWH 6KHOO  3ODVWLFB.LQHPDWLF
)RXQGDWLRQ 6KHOO  3ODVWLFB.LQHPDWLF
($0 6KHOO  3ODVWLFB.LQHPDWLF
,PSDFW$QDO\VLVE\/6'<1$
3.1. Simulation result of Case 1 
)LJDVKRZVWKHSODQRIWKHSRVWEDVH$OHQJWKRIWKHJXLGHWURXJKLVPZKLFKLVUHJDUGHGWRSURYLGHVXIILFLHQW
URRPIRUWKHYHKLFOHDQGWKHSRVWWRJHWWRWKHVDPHVSHHGDVWKHPRPHQWXPRIWKHYHKLFOHLVWUDQVIHUUHGWRWKHSRVW
DIWHUFROOLVLRQ)LJEVKRZVWKHSRVWIURPWKHUHDUDQGWKHUHYHUVH7VKDSHNH\SUHYHQWVWKHSRVWIURPRYHUWXUQDQG
JXLGHVWKHSRVWWRPRYHDORQJWKHJXLGHWURXJK$WKLFNQHVVRIWKHNH\LVPPDQGLWVOHQJWKLVPP7KHEDVH
SODWHLVDVTXDUHVKDSHZLWKRQHVLGHRIPPDQGWKHWKLFNQHVVZLWKZDVPPWRSUHYHQWGHIRUPDWLRQGXULQJ
FROOLVLRQ)LJDVKRZVDQDFFHOHUDWLRQWUDFHRIWKHYHKLFOHZKLOHFROOLGLQJZLWKWKHSRVWDQG)LJEVKRZVD
YHORFLW\WUDFHRIWKHYHKLFOHE\WLPH$VVKRZQLQ)LJLPSDFWYHKLFOHLVLQWHJUDWHGZLWKWKHSRVWGXHWRWKHSODVWLF
GHIRUPDWLRQRIWKHYHKLFOHERG\DWVHFDQGSDUWRIWKHOLQHDUPRPHQWXPRIWKHYHKLFOHLVWUDQVIHUUHGWRWKHSRVW
FDXVLQJWKHYHKLFOHEHLQJGHFHOHUDWHGWKHQWKHYHKLFOHPRYHVZLWKWKHSRVWDWNPK
%HWZHHQVHFDQGVHFWKHYHORFLW\ZDVUHGXFHGUDSLGO\WRDURXQGNPKDQGWKHQUHFRYHUHGEDFNWR
DURXQGNPKZKLFKZDVGXHWRWKHGHIRUPDWLRQRIWKHORZHUSDUWRIWKHYHKLFOHERG\ZKHUHWKHDFFHOHURPHWHUZDV
DWWDFKHG7KHYHKLFOHLQZKLFKDQDFFHOHUDWRUZDVLQVWDOOHGDWWKHERWWRPSODWHWKDWZDVFORVHVWWRWKHFHQWHURIJUDYLW\
RULJLQ LQ WKH1&$&PRGHOZDV XVHGZLWKRXW FKDQJH+HUH D YHKLFOH YHORFLW\ZDV REWDLQHGE\ LQWHJUDWLQJ WKH
PHDVXUHGDFFHOHUDWLRQDQGGLVSODFHPHQWFDQEHREWDLQHGE\LQWHJUDWLQJWKHYHORFLW\DJDLQ7KHSULQFLSOHRIPRPHQWXP
D E F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FRQVHUYDWLRQKDVDOLPLWDWLRQLQWKDWLWRQO\JLYHVDFKDQJHLQYHORFLW\EHIRUHDQGDIWHUWKHFRPSOHWLRQRIWKHLPSDFW
ZKLOHLWFDQQRWVKRZWKHDFFHOHUDWLRQWUDFHGXULQJFROOLVLRQ8VLQJ/6'<1$GHIRUPDWLRQVSHHGDQGDFFHOHUDWLRQ
RI WKHSRVW DQGYHKLFOHGXULQJFROOLVLRQFDQEH VHHQ7KH VLPXODWLRQ VKRZV WKDWZLWKRXW VSHFLDO LPSDFW DEVRUELQJ
GHYLFHVDYHKLFOHVSHHGFDQEHVHHQWREHUHGXFHGDSSUR[LPDWHO\E\IURPNPKWRNPK7KHWLPHRI
FROOLVLRQFRPSOHWLRQWKDWLVZKHQWKHYHKLFOHDQGSRVWZHUHPRYLQJDVDQLQWHJUDWHGRQHZDVVKRZQWREHVHF
DIWHUFROOLVLRQ


)LJD$FFHOHUDWLRQWUDFHDQGE9HORFLW\WUDFH&DVH
$W WKLVFROOLVLRQ7+,9ZDVNPKDWVHFZKLFKZDVVOLJKWO\RYHU WKHWKUHVKROGYDOXHIRU WKHFUDVK
FXVKLRQGHVLJQ3+'ZDVJDWDWLPHLQWHUYDORIVHFDQGVHFLPPHGLDWHO\DIWHU7+,9KDVRFFXUUHG
ZKLFKZDVPXFKORZHUWKDQWKHDOORZDEOHYDOXHJ7KLVVLPXODWLRQUHVXOWVVKRZHGWKDWWKHPHWKRGRIUHGXFLQJ
YHKLFOHVSHHGE\WUDQVIHUULQJWKHPRPHQWXPRIWKHYHKLFOHWRWKHSRVWYLDSODVWLFFROOLVLRQDWWKHHDUO\VWDJHRILPSDFW
FDQEHDSRWHQWLDOLGHDIRUWKHFUDVKZRUWK\SRVWGHYHORSPHQW

)LJ&UDVKZRUWK\SRVWGHWDLO&DVH
3.2. Simulation result of Case 2 
&DVHVKRZHGDYHORFLW\UHGXFWLRQHIIHFWRIWKHSODVWLFFROOLVLRQEHWZHHQYHKLFOHDQGSRVWSULRUWRFRPSOHWHVWRS
RIWKHYHKLFOH7KLVVHFWLRQGHVFULEHVDFDVHZKHUHDYHKLFOHFRPSOHWHVLWVPRYHPHQWE\FUXVKLQJWKHLQVHUWHGILYH
($0V66VWHHOSLSHZLWK' PPW PPO PPLQWKHJXLGHWURXJKZKLFKLVPDZD\IURP
WKHVWDUWSRLQWRIWKHJXLGHWURXJK)LJDVKRZVWKHSODQRIWKHSRVWEDVH$OHQJWKRIWKHJXLGHWURXJKLVPLQ
WRWDO $ YHKLFOH VSHHG FDQ EH UHGXFHG E\ FROOLGLQJZLWK WKH ($0 DIWHU SDUW RI WKHPRPHQWXP RI WKH YHKLFOH LV
WUDQVIHUUHGWRWKHSRVWDQGPRYHGDWWKHVDPHVSHHG)LJEVKRZVWKHVLGHYLHZ)LYH($0VDUHLQVWDOOHGDWDSODFH
WKDWLVPDZD\IURPWKHEHJLQQLQJRIWKHJXLGHWURXJK)LJFVKRZVWKHSRVWIURPWKHUHDULQZKLFKUHYHUVH
7VKDSHNH\LVDWWDFKHGWRWKHEDVHDVEHIRUH)LJVKRZVDQDFFHOHUDWLRQWUDFHRIWKHYHKLFOHZKLOHFROOLGLQJZLWKWKH
SRVWDQGVKRZVDYHORFLW\WUDFHRIWKHYHKLFOHE\WLPH$VVKRZQLQ)LJLPSDFWYHKLFOHLVLQWHJUDWHGWRRQHERG\
GXHWRWKHSODVWLFGHIRUPDWLRQRIWKHYHKLFOHDWVHFDQGSDUWRIWKHOLQHDUPRPHQWXPRIWKHYHKLFOHLVWUDQVIHUUHG
WRWKHSRVWIROORZHGE\WKHYHKLFOHEHLQJGHFHOHUDWHGPRYLQJZLWKWKHSRVWDWNPKVSHHG
%HWZHHQVHFDQGVHFDYHORFLW\ZDVUHGXFHGUDSLGO\WRDURXQGNPKDQGWKHQUHFRYHUHGEDFNWR
DURXQGNPKZKLFKZDVGXHWRWKHGHIRUPDWLRQDWWKHORZHUSDUWRIWKHYHKLFOHERG\WRZKLFKDQDFFHOHURPHWHU
ZDVDWWDFKHGZDVH[SODLQHGLQLQ&DVH

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
)LJD$FFHOHUDWLRQWUDFHDQGE9HORFLW\WUDFH&DVH
7KH LPSDFW VLPXODWLRQ YHULILHG WKDW PRPHQWXP ZDV FRQVHUYHG EHIRUH DQG DIWHU FROOLVLRQ GXH WR WKH SODVWLF
GHIRUPDWLRQRIYHKLFOHVUHVXOWLQJLQWKHYHORFLW\UHGXFWLRQRIDERXWIURPNPKWRNPKZLWKRXWVSHFLDO
HQHUJ\DEVRUELQJGHYLFH7KHWLPHRIFROOLVLRQFRPSOHWLRQZKHQWKHYHKLFOHDQGSRVWZHUHPRYLQJDVDQLQWHJUDWHG
ERG\ZDVIRXQGWREHVHFDIWHUFROOLVLRQZKLFKZDVWKHVDPHDVEHIRUH7KHQDURXQGVHFWKHEDVHNH\
FUXVKHGWKH($0DQGYHKLFOHDQGSRVWVWRSSHGDWVHFWKHQVKRZHGVRPHUHERXQG$WWKLVFROOLVLRQ7+,9ZDV
NPKDWVHFZKLFKZDVMXVWEHORZWKHWKUHVKROGYDOXHIRURINPKFUDVKFXVKLRQGHVLJQ3+'ZDV
JDWDWLPHLQWHUYDOEHWZHHQVHFDQGVHFLPPHGLDWHO\DIWHUWKHEDVHNH\FROOLGHGZLWKWKH($0ZKLFK
ZDVPXFKKLJKHUWKDQWKHDOORZDEOHYDOXHWKDWLVJ7KLVFDQEHFRQILUPHGIURPWKHODUJHGHFHOHUDWLRQDIWHUWKH
FROOLVLRQEHWZHHQWKHEDVHNH\DQGWKH($0DVKRZQLQ)LJ7KLVVLPXODWLRQUHVXOWLQGLFDWHGWKDWDOWKRXJKWKH
YHKLFOHVSHHGFDQEHUHGXFHGLQWKHHDUO\SKDVHRIFROOLVLRQE\WUDQVIHUULQJYHKLFOH
VPRPHQWXPWRWKHSRVWDQGWKH
YHKLFOHFDQEHFRPSOHWHO\VWRSSHGYLDWKHDGGLWLRQDOFROOLVLRQZLWKWKH($0LWLVQHFHVVDU\WRFRQWUROWKHVWUHQJWKRI
WKH($0WRDYRLGODUJHGHFHOHUDWLRQZKLOHWKHEDVHNH\FUXVKHV($0
3.3. Simulation result of Case 3 
&DVHGHPRQVWUDWHGWKDWDYHKLFOHVSHHGFDQEHUHGXFHGE\WUDQVIHUULQJYHKLFOHPRPHQWXPWRWKHSRVWYLDSODVWLF
FROOLVLRQEHWZHHQ WKH IURQW SDUW RI WKH YHKLFOH DQG WKHSRVW LQ HDUO\ VWDJH RI WKH LPSDFW DQG WKHYHKLFOH FDQ VWRS
FRPSOHWHO\E\FUXVKLQJWKHLQVHUWHG($0V+RZHYHUVLPXODWLRQRI&DVHVKRZHGWKDWLWZRXOGEHHIIHFWLYHWRFRQWURO
WKHVWUHQJWKRIWKH($0DQGLQFUHDVHWKHQXPEHURIPRGXOHVLQRUGHUQRWWRKDYHODUJHGHFHOHUDWLRQZKHQWKHEDVH
NH\ FUXVKHV WKH($07KLV VHFWLRQGHVFULEHV D FDVHZKHUH D WRWDO OHQJWKRIPRGXOH LQVWDOODWLRQZDV H[WHQGHGE\
LQVHUWLQJ($0V66VWHHO' PPW ±PPO PPVWDUWLQJPDZD\IURPVWDUWSRLQWRIWKH
JXLGHWURXJK$VDPHWKRGRIDGMXVWLQJWKHVWUHQJWKRIWKHPRGXOHWKHWKLFNQHVVRIWKHPRGXOHZDVFKDQJHGLQDUDQJH
IURPPPWRPP7KHHQGSDUWRIWKHJXLGHWURXJKZDVEORFNHGWRUHGXFHDYHKLFOHVSHHGE\WKHGHIRUPDWLRQ
RI WKH($0,Q WKLVVWXG\VLJQSRVWRIPKHLJKWZDVXVHG6LJQERDUGRIPîPZDVDWWDFKHG WR WKH
FDQWLOHYHUDUPRIWKHSRVW)LJDVKRZVWKHSODQRIWKHSRVWEDVH$WWKHSRLQWPDZD\IURPWKHVWDUWRIJXLGH
WURXJK1R¶V($0ZDVLQVHUWHG$YHKLFOHVSHHGFDQEHUHGXFHGE\FUXVKLQJWKH($0DIWHUWKHPRPHQWXPRIWKH
YHKLFOHLVWUDQVIHUUHGWRWKHSRVWDQGPRYLQJDWWKHVDPHVSHHG)LJEVKRZVWKHVLGHYLHZ7ZHQW\($0VDUH
LQVWDOOHGDWDSODFHWKDWLVPDZD\IURPWKHJXLGHWURXJK)LJFVKRZVWKHSRVWIURPWKHUHDULQZKLFKUHYHUVH
7VKDSHNH\DQGEDVHVWUXFWXUHDUHWREHVHHQ)LJGVKRZVWKHRYHUDOOYLHZRIWKHSRVW
)LJDVKRZVDQDFFHOHUDWLRQWUDFHRIWKHYHKLFOHZKLOHFROOLGLQJZLWKWKHSRVWDQG)LJEVKRZVDYHORFLW\
WUDFHRIWKHYHKLFOHE\WLPH$VVKRZQLQ)LJYHKLFOHFRPSOHWHVPRPHQWXPWUDQVIHUWRWKHSRVWDIWHUVHFDQGLW
VWDUWVPRYLQJZLWKWKHSRVWDWWKHYHORFLW\RINPK$IWHUPIUHHPRYLQJWKHEDVHFUXVKHVWKH($0DW
VHF7KHQWKHVSHHGJUDGXDOO\UHGXFHGWRDWVHFIROORZHGE\DVOLJKWUHSXOVLRQ


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)LJ&UDVKZRUWK\SRVWGHWDLO&DVH

)LJD$FFHOHUDWLRQWUDFHDQGE9HORFLW\WUDFH&DVH
,Q)LJIRXULPSRUWDQWWLPHHYHQWVDUHVKRZQ7KHIRXU)LJXUHVFRUUHVSRQGWRWKHIRXUHYHQWVVKRZQE\YHUWLFDO
OLQHLQ)LJ(YHQWVKRZVWKHYHKLFOHDQGSRVWZKHQWKHYHKLFOHILQLVKHGPRPHQWXPH[FKDQJHZLWKSRVW(YHQW
VKRZVWKHYHKLFOHDQGSRVWZKHQWKHEDVHNH\VWDUWVFUXVKLQJ($0(YHQWVKRZVWKHYHKLFOHDQGSRVWZKHQ3+'LV
FDOFXODWHG(YHQWLVWKHYHKLFOHDQGSRVWZKHQWKH\VWRSPRYLQJVHF,QWKLVFROOLVLRQ7+,9ZDVNPKDW
VHFZKLFKZDVEHORZWKHWKUHVKROGYDOXHRINPKIRUFUDVKFXVKLRQGHVLJQ3+'ZDVJDWDWLPHLQWHUYDO
EHWZHHQ VHF DQG VHF LPPHGLDWHO\ DIWHU WKHEDVHNH\KLW WKH($0ZKLFK LVPXFK ORZHU WKDQ WKH
DOORZDEOHYDOXHRIJ7KLVFDQEHFRQILUPHGIURPWKHUHODWLYHO\JUDGXDOGHFHOHUDWLRQDIWHUWKHEDVHNH\KLWWKH($0
DVVKRZQLQ)LJE

)LJ)RXUPDLQHYHQWV
(YHQW (YHQW
(YHQW (YHQW
9HKLFOHDQG3RVWDWVHF
0RPHQWXPH[FKDQJHILQLVKHGFRPSOHWHDQGVWDUWPRYLQJWRJHWKHU 9HKLFOHDQG3RVWDWVHF%DVHNH\VWDUWVFUXVKLQJ($0
9HKLFOHDQG3RVWDWVHF
3+'FDOFXODWHG
9HKLFOHDQG3RVWDWVHF
6WRSVPRYLQJ
D E F G
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,WFDQDOVREHVHHQIURPWKHYHKLFOHDFFHOHUDWLRQWUDFHLQ)LJD7KLVVLPXODWLRQUHVXOWLQGLFDWHVWKDWDYHKLFOH
VSHHGFDQEHUHGXFHGE\WUDQVIHUULQJSDUWRIYHKLFOH
VPRPHQWXPWRWKHSRVWDVDUHVXOWRISODVWLFFROOLVLRQDQGWKH
YHKLFOHFDQVWRSPRYLQJFRPSOHWHO\E\WKHFUXVKRI($0DQGRFFXSDQWVDIHW\FDQEHHQVXUHGE\DGMXVWLQJWKHVWUHQJWK
DQGQXPEHURIWKH($0
&RQFOXVLRQV
)RUWKHGHYHORSPHQWRIDFUDVKZRUWK\SRVWRI&&FODVVWRQNPKLPSDFW/6'<1$VLPXODWLRQVZHUH
PDGHIRUDSRVWULJLGO\FRQQHFWHGWRWKHIRXQGDWLRQDQGIRUDFUDVKZRUWK\SRVWZLWKEDVHPRYLQJDORQJWKHJXLGH
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